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NATIONAL DEVELOPMENTS 


SCLENTIFIC RESEARCH ON WORLD TIME REPORTED 
OW100142 Beijing Xinhua Domestic Service in Chinese 0101 GMI 6 Mar #1 


[Excerptse| Beijing, 6 Mar (XINHUA)--XINHUA reporter Gu Mainan reports that since 
the downfall of the “gang of four,” the broad masses of acientific and technical 
personnel of various institutes under the Chinese Academy of Sciences have made 
efforts to contribute to socialist conetruction. According to statiatica, they 
have completed nearly 4,000 scientific research projects, including some 400 major 
projects, from 1977 to 1980. Quite a few projects reached world advanced levels 
and received the national awards for inventions and creations. 


While serving the national economy and the national defense building, various 
institutes have also started a number of research projects on basic theories. 
Universal time, a time system based on the rotation of the earth, is 4 parameter 
essential to astronvigation, positioning and geodesic study. A very precise 
universal time is essential to the precision range finding for extraterrestrial 
substances, studies of changes in the rotation of the earth and of plate and 
plate tectonic and the precision tracing and positioning of spacecrafts. 


Universal time is determined by synthesizing the surveys of relative movements 

of celestial bodies and the earth. At present, the world time system of our country 
is made up of 6 astronomical observatories and stations with 10 sets of instruments. 
The instruments used at these observatories are capable of measuring the time with 
precision and stability and have reached the world advanced level. 
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NATIONAL DEVELOPMENTS 


BRIEFS 


JLANGSU SCIENCE, TECHNOLOGY CONFERENCE--The Jiangsu Provincial People's Government 
held a provincial conference on science and technology from 27 February to 6 March 
in Nanjing. The conference, attended by more than 350 responsible comrades at 
various levels in charge of science and technology, stressed that the primary 

task of science and technology was to promote economic development. It called 

for improving the management of scientific research projects, making rational use 
of energy sources, developing basic scientific researches and applying scientific 
findings to production and technology. Zhang Zhongliang and Gong Weizhen, respon- 
sible persons of the Provincial CCP Committee and people's government, addressed 
the conference. Comrade (Zhao Peiyi), chairman of the Provincial Scientific 

and Technological Commission, delivered a work report. [Nanjing Jiangsu Provincial 
Service in Mandarin 1100 GMT 6 Mar 81) 


SHANGHAI SCIENTIFIC, TECHNOLOGICAL ASSOCIATION--The second committee of the Shanghai 
Municipal Scientific and Technological Association held its second enlarge session 
on 7 March. The session pointed out that the association's work this year is to 
develop science and technology in the service of the four modernizations. Acting 
Shanghai Mayor Wang Daohan addressed the session, calling on scientific and 
technological workers to offer suggestions for the present work of economic 
readjustment by seeking truth from facts. Also present at the session were Yang 
Shifa, Vice Shanghai Mayor and Chairman of the Municipal Scientific and Technological 
Commission; and Zhao Zukang, another Vice Mayor of Shanghai. [0W100155 Shanghai 
City Service in Mandarin 1130 GMT 7 Mar 81) 


WOMEN SCIENTISTS--Beijirg, 8 Mar (XINHUA)--China now has more than 80,000 woman 
scientists working in research institutes of natural sciences, accounting for 27 
percent of the total number of scientists, according to the State Scientific and 
Technological Commission. The Chinese Academy of Sciences now boasts 277 woman 
research fellows and associate research fellows and 4,874 assistant research 
fellows. Wang Chengshu, now 69 and a woman nuclear physicist known both in China 
and abroad, is a chief engineer of the Second Ministry of Machine-Building Industry. 
She has made achievements in researches on controlled thermonuclear fusion reaction 
and plasma physics and on separation of uranium isotopes. Gao Xiaoxia, a woman 
professor of Beijing University, has published more than 20 papers on analytical 
chemistry, analysis of electrochemistry and the instrument for monitoring air 
pollution. Huang Liang, a woman research fellow in the Institute of Pharmacology 
under the Chinese Academy of Medical Sciences, has guided the extraction and 
synthesis of anti-cancer drugs. [Text] [OW090028 Beijing XINHUA in English 


1206 GMT 8 Mar 81) 
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APPLIED SCLENCES 


CHINESE ICBM LAUNCH REPORTED 


Beijing XIANDAIHUA [MODERNIZATION] in Chinese No 8, 16 Aug 80 inside front cover, 
pp i, ll 


[Article by Liu Shaogiu [04691 4801 3808) and Li Xianlin [2621 7341 7207): “Thies 
Ie What an Intercontinental Ballistic Missile Ie Like") 


[Text] On the morning of 18 May 1980, our country successfully launched its first 
delivery vehicle to a predetermined area of the Pacific Ocean (Fig. 1) [not repro- 
duced]. This marked our country's attainment of a new level in delivery rocket 
technology; it was of great significance in accelerating implementation of the ‘our 
modernizations, strengthening our defense capabilities and dealing with the threat 


of hegemonism. 


The delivery vehicle was a rocket used to launch such spacecraft as satellites, 
spaceships and interstellar probes, as well as conventional and nuclear warheads. 
The delivery vehicle and its warhead together are called a ballistic missile. Bal- 
listic missiles are classified in terms of their range as: short range missiles, 
with ranges of 1,000 km or less; medium range missiles with ranges of 1,00€ to 4,000 
km; long-range missiles, with ranges of 4,000 to 8,000 km; and intercontinental bal- 
listic missiles [ICBM], with ranges of over 8,000 km. 


Because the intercontinental ballistic missile has long range, great striking power 
and high speed, climbs fast and strikes accurately, and can carry out a sudden at- 
tack on the enemy, penetrate his defenses and destroy important objectives, it is 
an important strategic weapon. The delivery rocket used in the test was a multi- 
stage rocket. When the first stage finished operating, the second stage began to 
function, and so on, as in a relay race, in order to achieve the required speed 
and position. 


How a Ballistic Missile Flies to Its Target 


A ballistic missile is a craft which does not need a pilot and has no wings. It 
follows a predetermined path (trajectory) and impacts at a predetermined location. 
Its trajectory is generally divided into two stages: the active and passive legs 
stage. Fig. 2 is a diagram of the trajectory of a multistage missile. The first 
stage, between ignition and burnout, is called the active stage of the trajectory. 
During this part of the trajectory the missile is propelled by its engines and flies 
under the control of the control system. 











Fig. 2. Tratectory of multistage ballistic missile 
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The missile fireat tlies vertically, then turns and files on 4 predetermined (pro- 
grammed) trajectory until its location and speed ate such that it can strike its 
target, at which time the rocket motor ceases to burn and the nose section separates 
from the miesile and begins the passive stage of the trajectory. 


During the passive stage, the nose section flies on a free trajectory toward its 
target by virtue of its momentum like a projectile shot from a gun barrel. Most of 
this stage is outside the atmosphere. Because the nose section is affected only by 
the earth's attractive force, the trajectory becomes elliptical. The nose section 
flies until it is about 80 kilometers from the earth's surface, then begins to re- 
enter the atmosphere. The stage of the trajectory between the nose section's 
reentry into the atmosphere and its ground inpact is called the reentry stage. In 
this stage, the warhead files toward its target at more than 20 times the speed of 
sound. The length of the passive stage is about 90 percent of the total distance 
flown. An intercontinental ballistic missile flies as high as 1,000-2,000 km. Its 
flight takes more than 30 minutes and its speed is more than / km per second. 


The missile’s range is determined by its speed and angle of inclination (the angle 
between its velocity vector and the local horizontal) at burnout. Deviations in 
burnout velocity and angle of inclination have a great effect on the missile's 
accuracy. For example, if a i10,000-em range intercontinental ballistic missile has 
a burnout velocity deviation of 1 meter per second (about 1/10,000th of the velocity 
at burnout), this will result in a deviation of 6-/ mm in the point of impact. Ac- 
cordingly the burnout point gust be carefully controiled. 


Basic Structure of a Ballistic Miesiie 


Ballistic missiles generally consist of 4 nose section, a propulstion system, a 
flight control system and the projectile. Fig. 3 shows 4a multistage ballistic 





missile. 
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Fig. 3. Multistage ballistic missile 








The nose section destroys the enemy target. An ICBM with a nuclear weapon in the 
nose section has 4 rather large destructive capability, The propulsion system 

(also called the power system) produces the thrust which moves the missile, as a 
locomotive does. Ballistic missiles use solid-fuel or liquid-fuel engines. Solid- 
fuel missiles, using solid-fuel rocket engines, are more convenient and maneuverable 
than liquid-fuel missiles and require a shorter launch preparation time, 


The flight control system assures that the missile will fly atably on the pre- 
selected trajectory and will hit the target accurately; it resembles a capable pilot, 


Development of a ballistic missile requires repeated testing to finalize the destan. 
Because of the long range of intercontinental balliatic missiles (over 8,000 km), 
countries cannot find suitable impact points on land, and secordingly all om! én 
use the open sea, so that the nose section (carrying various types of measur! 
equipment) splashes down into the ocean, 


In the full-range test the delivery rocket, with its nose section carrying telemetry 
equipment, tests such design parameters as range and impact accuracy, the reliability 
of the delivery rocket's systems and components and the like. With a delivery 
vehicle of excellent capabilities and high accuracy, if an enemy should etart a war, 
it would be possible to use a sufficiently accurate intercontinental ballistic mis- 
sile to deal with the enemy and to protect the security of our homeland. 





History and Prospects 


The ballistic missile has developed since the second World War on the basis of the 
German V-2. The United States and the Soviet Union have already tested three 
generations. The third generation was successfully tested and made operational in 
the 1960's; it includes the U.S. Minuteman IV [as published] and the Soviet SS-9, 
SS-17 and SS-19. The main characteristic of this generation of ICBM's is the use 
of multipie warheads. Currently foreign countries are developing a new generation 
of ICBM'’s with high m-ocuverability, accuracy and survivability. 


Future missiles’ survivability, their capability to penetrate defenses, i.e. to 
break through ballistic missile interception, and their accuracy are still being 
improved. 


To improve survivability, first the missiles will be concealed to make it difficult 
for the enemy to discover them; second, their underground silos will be hardened to 
improve their ability to withstand a nuclear explosion; and third, the missiles wiil 
be maneuverable in storage and launching. Current trends are toward maneuverability: 
some missiles are being placed under the ocean, with the development of surface-to- 
surface ballistic missiles launched from nuclear-powered ballistic-missile sub- 
marines; some are being put in the sky, i.e., are launched from midair; and some are 
maneuverable on the ground surface. Surface maneuverability is relatively easy to 
implement and is relatively inexpensive; an example is the fourth-generation MX 
intercontinental ballistic missile being deveioped by the United States, in which 
the racetrack form of maneuverability will be used. 


As antiballistic missile weapons are continuously improved and developed, ICBM's 
will have to have increased penetration capabilities. The multiple warhead tech- 
nology currently in extensive use is one example. The newest type is warheads which 
have individual propulsion and control systems, enabling them to change their trajec- 
tories and maneuver in flight, and which use terminal guidance to hit their targets 
accurately. 
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PHOTO CAPTIONS 


Fueling crew intensely at work 


Our country's delivery rocket, launched toward a preselected point in the 
Pacific Ocean, lifts off. 


Before the launch, measurement systems at the launch sitetake data readings. 


Assuring that the radar antenna tracking movement operates normally and will 
correctly acquire its objective. 


Ground monitoring and control systems give timely reports on the rocket's 
flight. 
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APPLIED SCLENCES 


MATHEMATICAL MODEL FOR S:iAR SCENE SIMULATION DEVELOPED 


Beijing YUHANG XUEBAO [JOURNAL OF CHINESE SOCIETY OF ASTRONAUTICS] in Chinese No l, 
1980 pp 85-93 


[Article by Xu Lin [1776 3829] of the Institute of Space Medicine and Engineering: 
"The Mathematical Model for Visual Simulation of Star Scene in Space-flight"] 


[Text] Abstract 


(Received 14 November 1979) 

The accurate and realistic visual simulation of the star scene in astronaut’' train- 
ing for manned-space-flight helps the astronauts in judging the spacecraft orienta- 
tion and the orbital coordinates with respect to the star positions and in realizing 
spacecraft maneuvering. 


In this paper the problem of visual simulation of the star scene in space-flight 
training is discussed. A method for star scene simulation by means of a planetarium 
is presented and a mathematical model is applied to control the motion of the plane- 
tarium with a computer in real-time, the astronauts in the cockpit will see the 
exact and accurate star scene in simulated orbital flight. 


Introduction 


In the rapid developments of aeronautics and astronautics, flight simulators are 
powerful tools in the training of pilots and astronauts from economic and reliabil- 
ity considerations as well as from the efficiency and practical points of view. 

Early simulators often had only instrumental display simulation in the cockpit. 

With the needs of enhancing the sense of reality in the simulation for high quality 
flight training and research, increasing attention has been placed on the vivid 
simulation of visual scene ou’ ;ide the cockpit, such as the ground scene, the sky 
scene, the horizon, the space target, the ground target and the day and nig't changes, 
etc. 


In this paper we have investigated the visual simulation of star scene in a space 
flight simu!ator and proposed both theory and method for real-time simulation of 

the star scene using a planetarium for astronauts training for orbit flight. Using 
matrix theory and the relative motion of the star scene and the astronaut's i _ne-of- 
sight in real orbit flight, we have analyzed the composite motion of a three-axle 
planetarium in real time simulation. Finally, the theory and the proposed method 
are confirmed with computation, analysis, and experiments. 











I, Situation of the heal World 

In order to illustrate the relative motion of the star scene and the astronaut's 
line-of-sight, we introduce the following space coordinate systems and derive the 
relations among them, 

1. Celestial coordinate system (C-system) 

The origin of the C-system is at the center of the earth, the #¢ axis of the system 
points toward the north pole and the xc axis points toward the vernal equinox, The 
Yo 4xis is then determined by the right-hand rule. 

2. Terrestrial (inertial) coordinate system (1-syetem) 

The origin of the I-system is aleo at the center of the earth. Its #, axis coin- 
cides with the % axie and its x; axis points toward the ascending ale. The yy 
axis, in the equatorial plane, is determined by the right-hand rule. 


Coordinate systems and | are related by the following equation: 





where (ay represents the inverse transformation matrix for rotation about the # 
axis. {) is the angle between Xe and x and it depends on such factors 48 the earth's 


self-rotation, the time at which the spacecraft enters the orbit, and the launching 
location. (see Fig. 1) 


Key: 
1. Vernal equinox 
2. Ascending node 





Fig. i 


3. Spacecraft trajectory system (T-system) 


The origin of the T-systom is also located at the earth center. x, points toward 


the center of mass of the spacecraft, 2. is perpendicular to the orbit plane with 


T 








ite positive direction parallel to the angular velocity vector of the spacecraft 
center of masa in the orbit. The direction of vy is again determined by the right- 
hand rule (eee Fig. 1), 


The l-ayatem is related to the l-syatem as follows) 





y | (2) 
, ‘ 


where i ie the angle of inclination of the orbit, and w is the angle swept out by 
the spacecraft: center of masse around the earth center. 


4, Spacecraft heading system (H-sysetem) 


The origin of the Hesystem is placed at the center of mass of the spacecraft. %y 


is the projection of the spacecraft velocity vector in the local horizontal plane. 
am pointe from the spacecraft center to the center of earth, i.e., opposite in 


y axis is perpendicular to the orbit plane and in the opposite 


The H-syatem ia related to the T<-syetem by the following tranetor- 


direction to RI The ¥ 


direction of st 


mations: 


5. Spacecrafc body system (B-system) 


The origin of the besysetem is located at the center of the spacecraft. The x, axis 


is the longitudinal axis of the spacecraft with its positive direction points 


toward the head of the spacecraft. Axis zy is in the plane of longitudinal symmetry 


and points downward. The direction oi Ys is given by the right-hand rule. 


The relationship between the S-system and the H-system is given by: 


oh, 
where © is the pitching angle of the spacecraft, » is the angle of deviation and 


> ia the rolling angle. 
6. Astronaut line-of-sight svetem (LOS-svetem) 


The origin of thie svetem is at the location of the astronaut's eyes and the % a6 


axis is the line-of-sight. The Yi0s axis is parallel to the horizontal symmetry 


10 














plane of the spacecraft body and is positive pointing to the right, tos is deter- 


mined by the right-hand rule and is positive pointing downward. Considering the 
head movements and the eyeballs movements of the astronaut, the Besystem can be 
expressed in terme of the LOS<system: 


* * 
| y =P de reds » () 
; @ Jim 


where YL os ie the angle of deviation of the line-of-sight with respect to the verti- 
cal symmetry plane of the spacecraft, and 8 os is the pitching angle of the line-of- 
sight with respect to the horizontal plane of symmetry of the spacecraft body. 


7. Transformation between LOS-system and C-system 


From Eqe. (1) through (5), we have 
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then the elements of matrix [K], Rey (i,j = 1,2,3), are given by 


J ee eee) oe ee) See ee eee 
et 2 een (8-08 894 86) 
Se) 2 ee) See ee Pee ‘whee, .) 
* (O00) eer ct ct tee) C9 OD, OG .. HO O@ 
+06 fhe 08 ob ce 6b Oe 


is) 
&.. tb ws thew a) 7 se (oO <b o@- 06) 
‘? Vultee ae has a 
et) cm) ‘eww ti 8 cee ‘Ode, i9) 


0 Ch ww hee cd og 8 A... -€@, (@°é @ 
8 sb) 8, ety. 40 oreo)’ 
ie) es Sees | ee 2 oo ce 8, ) 
*( eld oa ce - cf ow) 7 eee) eee ee | e 


te eee) See ee) oe) eee oe (10) 


ll 











een ee ee ee 2) Pee) Pee ee 

#06) 0%, Sy seve) ee oe) ee oe eee 

te Se ee) ee ee 

Oe Be ee eee Pers Pee Ee Gee | 

A ee ee Le ee ee iit) 
en ee ee ee Pee a ee ee ee 

A el ee ee en) oe eee oe he ee 

Bel ee eee 2 ee Pee (ia) 
eee ee en ee 2 Pee Pee) er ee) ee 


re eee ee Peet ee) Pen 
See eo eee) eee Perens ee) 
on oe ee eee a ee ee ee 
(8 08 0@- 08 oo) w,..) (43) 
a ee ee Se eee ee) ee) bn) eee) ee 
ee ee ee oe Pee) ee eee ee ee 
ee oe eee Oo) oo Pe see er 
A Le) Len Ce ee ee iia) 
A, =0e Le 8 eye, — (08 08 06 6 0b) C80. )@ 0 
(08 8 OR. 88 OR Dow lee oe, 
(8 08 ope eb @) ce, .) (16) 
ee ee Pee, Pee a oe 2 ee) ee 
te ee) eee) eee oe ee eee ee ee 
Ce ee ee ee ee ee ee 
108 DD Bee ere. ~ U8 ob 08 cb he, ) (16) 


in which c and 6 atand for cos and sin respectively. Equations (7) through (16) 
describe the transformation between the astronaut's line-of-sight (LOS<system) and 
the celestial C-system, that is, they describe the relative motion of the two systems 
for orbit flights of a spacecraft in the real world. However, if we consider the 
estructural characteristics of the three-axle leveling mechanism of the planetarium 
and consider the ease for future computations, it is best to represent the above 
transformation with a set of three characteristic Euler angles. We shall call this 
transformation the “intuitive transformation.” 


8. “Intuitive transformation” between LOS-sysetem and C-system 


Let the three characteristic Euler angles be As Ao» and A,, the intuitive trane- 
formation is given by 


‘ : 
) 
oe | AeA)» (17) 
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Realizing that Eq. (17) is equivalent to Eq. (7), we have 
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We can therefore use Eqs. (10) = (13) and Eqs. (16) = (20) in an intuitive realiza- 
tion of the correspondence relationship between the real world LOS-system and the 
Cesystem. In the meantime the relationship between the LOS ~system of the teat 


subject line-of=sight in the simulation room and the simulated celestial C~syetem 
is revealed, 


Based on the above results, we now proceed to discuss the procedure for driving the 
three-axle planetarium and simulating the estar scene in a simulation room. 


Il. Situation in the Simulation Room 
9. Laboratory horizontal coordinate system (D-system) 


Assuming the origin is at the “Center” of the laboratory, then the Xy axie is 
pointing toward west (refering to the “simulated vernal equinox"), the Yy axis is 
perpendic: lar to the ground with up being the positive direction, and ®D 


toward north (i.e. the “simulated north pole"). The D-syetem ie used as a fixed 
reference coordinate in the laboratory. 


points 


10. Planetarium system (GAO-system) and instantaneous orbit-entry simulated 
celestial system (C.-system) 


The origin of the GAO-system is at the rotation center of the planetarium. The 
three axes %ean? Yoao’ and ®oag are respectively the horizontal, the altitude and 


the sidereal axles of the planetarium. 


To satisfy the requirement that © osm axis points toward the hemispherical sky 


screen of the planetarium during the experiment, we let the GAO-system coincide 
with the C~system and, for ko) > 0 at orbit entry, equate them to the D-<systen: 


Ba ee ” 


where E is unit matrix. 


Por hoy < 0 at the instance of orbit entry, the three systems are related in the 
following way: 





ll. Orientation of the simulated line-of-sight system (1L0S_-system) 


™ 
If we use (u,q) in the specification of the % osm 2*is (see Fig. 2), then u and q 
can be expressed as follows 
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Similarly we can use (Uy, 4)) to specify the * | OSM axis where 
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Fig. 2 


Thus, the simulated line-of-sight system (LOS ,,) at the entry time is epecified in 


the laboratory with respect to the simulated celestial system (C -system or GAO- 


system). Hereafter, the relative position changes of the LOS-syastem and the C- 
system in the real world for any instance of time after orbit entry are represented 
by the relative motion of the LOS, ~system and the Cy -system in the simulation room. 


Since the orientation of the LOS -system is “fixed” in the simulation experiment, 
ail the relative motions of the Cy-system with respect to the LOS .~system must be 
achieved by driving the leveling frame of the planetarium. We therefore introduce 


4 GA-syetem, defined below, that commande the motion of the C-systea. 


12. GA-eysetem and C system 


Based on the simulation principle, if we let the GA-system coincide with the C.- 


system, then the relative orientation of C-system at any time instance after orbit 


after entry with respect to the CL. -system is given by the relative orientation of 


MO 
the GA-system with respect to the GAO-systes. 


We assur following relation exist between the GAO-system and the GA-syeten: 


li 














tlle: 


where a, 6 , and y are three variables closely related to the orbit motion and the 
attitude motion of the spacecraft. In the following section we shall derive ana- 
lytical expressions for them. 


13. Analytical expressions of a, 6, and y 


From Eq. (17), we have 


‘ ‘ 
| y | “(Aad (Aad, ca y | (2) 
@ herve, t hw 


where Ao: Avo: and Any are the three characteristic Euler angles at the instance of 
orbit entry. Based on the definitions of the LOS-syatem, the C-system, and the Co 
system, and using symmetry relation, we can write down the transformation between 
the LOS, system and the C.-system: 

’ 

, | (2) 

7 ot 


Using Eqs. (28) and (29), we have the following transformation between the LOS,- 


syetem and the C -system: ad 





tLe 


; 


. , 
“al ’ =( AMA IMA IMAG), (Ag), iar | | (3) 


d * 











f | | 
¥ | =p) y | (31) 
| Z 7 | 7 . 


where Pay (i,j = 1,2,3) are the elements of matrix [p]: 





P.. =e 1A, ~ tA eA A) (i AgtAy ~ tA gtAgt Ag) 410A, 6A 
60d Ay cA ete Mee tA ® 6 Mgt ht Ag) * OA thy tha tg OD) 


P =e te A, sh eA eA - tAgstAg) © CEASA, #44, 64, 0A) 
(Ay t Bgl tA, thy the (33) 
P.. -UAGA, sh cA Ay) CiMgt Ag * tA gt Ags Ag) * (A, tA 
14-64, (AA tha tAgtAet Au) tA thy tAgt Ag OD) 
DP. 0 (AOA) Oe Bee Ag At Ate) #4, 64) 1A tAe 
(Ag os Ly tA) eA ~ tAgtAag) (35) 
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‘ee ee eee eee ee eee ee eae ae (a6) 
ee eee ee eee ee es eae Ae eer 
0A Aut Agh® sd tag tae (ay) 
B, « (04 de AAA) Ul Mgt tAgt Anata) tA, oe, 
04 AL CAD Mgt Ag * U4 gt At Ae) 
ted eA tA the) (™) 
By = Cede 4, + AAA) Cm (Apt) © U6 Agt fa) CA OA, 


= 


ete ded td eAy tdy (38) 
Pi, @ (SAA, + 8A AAA) (Ay Ae * tA et Apt Aig) * 8A, 9A, 
ede AeA) (eAgtAy ~ tAut Ant Ag) + OA OA CAG tAG (40) 


in Eqe. (32) = (40), © and & represent cos and sin respectively. Ajo: Ang: and Aa 
are the three characteristic Euler angles at orbit-entry and Ay Ay» and A, are the 


Euler angles at a given time after orbit entry. 


Comparing Eqs. (27 and (31), we have 


= 16 CP/ Pw) (4) 
vetée (P../ Py) (42) 
on ‘(= Pp.) 

p = (43) 


om (Py, oma) 


Thus, when the horizontal axle of the planetarium in rotated from 0 to angle a, 
the altitude axle is rotated from 0 to angle 6 and the sidereal axle is rotated 
from 0 to angle y, the position of the simulated celestial Cy-system displayed by 
the planetarium agrees exactly with the star scene observed by the astronaut at 
that instance of time in the real world. To facilitate the experimental confirma- 
tion of the above theory and the training of aatronauts, we compile the following 
“star belt chart”. 


14. Compilation of the “star belt chart” 


With the aid of Fig. 3, we can write down the “direct ascent” ¥, and “declination” 


oF for the center of the spacecraft: 


Key: 
l. Vernal equinox 
2. Principal meridian 
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eee we (hee, eta) (44) 
6, = ae (et eee) (%) 

where, Dee. Oe te (ey cree) (48) 
ie 


oon 83.6) 4 167 (47) 
wea, t lied (48) 
“> oo '( an d,/ anid deo 

ALia fh (4%) 


in which Ve and o, are respectively the longitude and latitude of the launching site. 


Poing B is the launch site, point L is the subastral point of the orbit entry point, 
and is the horizontal distance between launch site and orbit entry point. w is 
the orbit rotation angle of the spacecraft center measured from the ascending node, 
ve is the angle measured from vernal equinox to the principal meridian (i.e. Green- 
wich sidereal time), d is the number of daya from the 2let of March, T is the orbit 
entry time of the day and Rp is the radiue of the earth. 


Similarly, using Fig. 4, we can specify the “direct ascent" 


Key: 
1. Equator 
2. Orbit 





Fig. 4 


v and the “declination o. of the Line-of-sight % os at any time as follows 


O.~ U4 le Comst/ctae) (50) 
6.= dn ‘(ent eng) (51) 
where 
Pe ee ee ee eee ($2) 
and °1.08(p) is the projection of eos on the orbit plane. 


Using the computed values of instantaneous °. and 0. and consulting astronomical 


data such as astronomy annuals, star catalog and star map, we obtain the constella- 
tion, star name and star magnitude observable by Line-of-sight %os at 4 given time. 


A star belt chart can thus be compiled as follows: 
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. 
t "x _*e Constellation Star name Star magnitude 


0 73°5'49" 14"4'20" Ten a i 
180 BO" L741" 7°55" ori 1 i 


Note: Width of the “star belt” ite determined by the actual field of view 
from the window 


Lil. Confirmation Methods 


15. Simple computational confirmation 


Using concepts of solid geometry, we realize that the following relations exist 
between Yes o. and matrix [K]: 


v.~te° te, *,) (55) 

S.-te (hy Mem) (54) 
However, - and © are also related to u and q: 

v.=cte ( ene/te@) (56) 

6. = de” '( cone: cong) (56) 


The expressions for Pn and o. derived from different methods should be identical, 
that is, 


(60)-.(53)-.(96) 
(61) ($6) (56) 


On the other hand, A, A... Ay 1, 6, and y should satisfy the following identities: 


(4 AAD MADARA TR] ($7) 
(YN (Beta TP) (58) 


lf the computed results satisfy the identities in Eqs. (57) and (58), the calcula- 
tions are correct; otherwise, there are errors in the calculations. 


16. Experimental confirmation 


According to the transformation 














after the three angular movements Ay) A, and A in GAO-syatem, the north pole on the 


diaplay doom represents the direction of « and the vernal equinox represents the 


LOSM 
direction of % ogy: The first step is to "mark" X95 on the acreen. The plane- 


tarium is then returned to the original position in the GAO system. The star posi- 
tion indicated by the “mark” is the star position aimed by X og at thie time. This 


ie then recorded, In the second step, the LOS 
using the transformation 


mo system is first determined and then, 


x | [ * 
v | “(VW (Bh Cade» (60) 
? ‘ “” 





the three angular movements a, 8, and y are executed in the GAO-system according to 
the experimental situation. The scene displayed on the doom is the Cy-system 


configuration. 


Now observe the C_-system from the fixed x direction, the star positions 

M S45 
observed should be identical to those in the first step and in agreement with the 
“star belt chart". Naturally, the position of 2 OSM should be noted in the 
experiment. 


Conc lusions 


We have made extensive computational confirmation for the mathematical model and the 
simulation theory presented in this paper. We have confirmed the results with 
experiments as well. The methods and model are entirely correct and suitable for 
space-flight visual simulation with closed-circuit television in broadcasting the 
star scene. 


When a spacecraft module is directly installed in the star scene simulation room 
for the direct observation of the star scene by the astronaut through the module 
window, there will be the problem of adjusting the attitude of the heavy space 
module for flight simulation in different orbits. This problem calls for further 
investigation. 
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ments......Liu Honggao 0491 7703 4108), Department of 
Chemistry, Hebei Teachers College 


Recent Development in Fluoropolymers......Zhou Xinyue [0719 
2450 2588), Shanghai Institute of Organic Chemistry, Chinese 
Academy of Sciences 


Effects of Polymer Structure on Their Chemical Reactivities 
seeeesChen Jieping [7115 0094 1627], Institute of Chemical 
Engineering, Suzhou 
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Chemist of China......Liu Ruilin [0491 3843 7792] and Ruan 
Shenkang [7086 1957 1660], both of the Department of Chemistry, 
Beijing University 
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[Text] Recent Progress in Gel Permeation Chromat ography 
eseeeeShi Lianghe [2457 5328 0735], Institute of Chemistry, 
Chinese Academy of Sciences 


Diffusion Coefficients and Nature of Diffusion of Metals 
in Mercury......Zhang Changgeng [1728 7022 1649], Department 
of Chemistry, Guizhou University 
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[1728 4409 0735] and Ma Lingtai [7456 7227 0669], both of 
the Department of Pharmacology, Beijing Medical College 
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seeeesDeng Jiagi [6772 1367 4388], He Peixin [0149 0160 
9515] and Chen Xiaoming [7115 2556 2494], all of the Depart - 
ment of Chemistry, Fudan University 


An Acetylene Generator for Flame Spectrometry......Wu Ting- 
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Aeronautica 


AUTHOR: "HU Pengfei (2612 7720 7378) 
ORC: None 
TITL®: “Rocket-Pamjet “ngine” 


SOURCE: Bei jing HANGKONG ZHISHI [AEROSPACE KNOWLEDG® MAGAZINE) in 
Chinese No 2, Feb 81 pp 10-12 


ABSTRACT: By combining the principles of ramjet engine and rocket 
engine, it is possible to design a poepusesce exepes with high thrust 
to weight ratio, high specific impulse, and gee fuel economy. “uch 
propulsi.. systeme have been used on the Soviet SAM-6 missile and 
certain U.5. tactical missiles. The structure of a solid propellant 
rocket-ramjet engine has three baric components: the supersonic 
inlet duct, the ejector, and the rocket engine. a he: the operation 
of a solid rocket-ramjet engine, the rocke — is ignited first 
to provide initial acceleration; ‘hen the missile reaches sufficiently 
high velocity the ramjet engine begins to function and the rocket 


nozzle is digcarded, onpared with a conventional rocket engin or 
a ramjet engine with similar performance, the rocket-ramjet engine 


is smaller in size, lighter in weight, and does not require compli- 
cated fuel supply system or ignition system. 


AUTHOR: None 
ORC: None 
TITLe: “Remote ensing Anti-Armor Bomb” 


SOURC#: Beijing HANGKONG ZHISHI [A®POSiacs KNOWLEDCE MACAZINE) in 
Chinese No 2, Feb 81 pp 18-19 


ABSTRACT: The remote sensing anti-armor bomb is a weapon developed by 
the United States to defend against the increasing number cf armored 
veliicles of the ‘arsaw Pact nations. The weapon is generally deployed 
in the form of a mother-daughter package, each mother bomb carrying 
two or three daughter bombs. The main components of a daughter anti- 
armor bomb consist of a millimeter-wave sensing device, a warhead, a 
vortex-ring parachute, a signal processor, a power source, and safety 
mechanism. After being delivered to the target zone, the daughter 
bomb relies on its remote sensor to search out individual targets and 
detonate in mid-air to destroy personnel inside the armored vehicles. 
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AUTHOR: (Translator) “ONG Chieshuan [1345 0796 1357] 
ORC: None 
TITLé: “Chinese Civil Aviation and the Y10 Airplane” 


SOURCE: Beijing HANCKONG ZHICHT [ATROSPACE FKNOWLEDCE MACAZING) in 
Chinese No ?, Feb 81 pp 20-21 


AP°TRACT: This is a translated article originally published in the 
British weekly magazine “"light International”. This article reviews 
the current status of civil aviation in China, and presents certain 
statistical data such as the number and types of passenger airplanes 
in service, the number of repair and maintenance facilities for 
civilian airplanes, the number of passenrer flights per year over 
the past decade, the capacity and facilities at the new king 
airport and the ‘hanghai civilian airport. In addition, progress 

in the development of the first Chinese-made passenger airplane, 

the Y10, is also reviewed. The Y10 is a four-engine airplane which 
has been under development since 1972. It is somewhat smaller than 
the Boeing 707-%320C and is capable of carrying 120 passengers. 
Currently, three prototype Y10 airplanes have been built for test 
purposes. The first scheduled flight of the Y10 is expected to take 
place later this year. 
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Electronics 


AUTHOR’ WU Youshou [0702 0147 1108) 
ORGs Qinghua University 
TITLE: "Progress in Integrated Single Line PCM Coder" 


SOURCE: ‘Seijing DIANZI KEXUE JISHU _SLECTRONIC SCIENCE AND TECHNOLOGY) in Chinese 
No l, Jar A) PP 2-8 


BSTRACT: PCM [Pulse Code Modulation) is an extensively used method of coding for 
the digital a mee communication system. The method was proposed for telephone 
as early as the 30's and it was proved to resist interference, suitable for long 
distance relay commnication, and convenient for maintaining secrecy. Due to in- 
strumental limitations, its development for practical application had always been 
Slow, however, In the 50's the Bell Laboratories made an experimental PCM equip- 
ment using electron beam coding tubes. The circuit was too complex; the power con- 
sumption was too high, the reliability was very poor; therefore, it was not ex- 
tended. It was not un*+’? +he rapid advancement of semiconductor and digital tech- 
nologies before these p .ems were gradually resolved. Aside from a detailed ex- 
planation of the past problems and current advancements in PCM application, the 
paper also discusses briefly the outstanding problems. Although China's — 
cations industry remains backward, the author believes that attention should 
given to PCM to prepare for future modernization needs. 


AUTHOR: HUANG Yaoxian (7806 5069 091) 
ORG: Beijing Chuinstu Rectifier Plant 
TITLE: “Special Silicon Controlled Rectifier (SGR] and Its Application" 


SOURCE: Beijing DIANZI KEXUE JISHU [ELECTRONIC SCIENCE AND TECHNOLOGY) in Chinese 
No 1, Jan 81 pp 13-16 


ABSTRACT: Power semiconductor devices are the most familiar SCR and they are be- 
ing applied in all realms of the national economy. Regarding application, they 
may be divided into (1) AC DC switch; (2) Phase control (or controlled rectifier); 
(3) Reverse variable or variable frequency, etc. These applications require SCR 
of different parameters, which may even be mitually contradictory. For this rea- 
son, many special SCM*s are being developed to meet each of the many requirements, 
such as rapid SCR, switch-controlled SCR, reverse-conduction SCR, etc. Major 
characteristics and primary applications of each of these special SCR*'s are ex- 
plained in separate sections in the paper. 
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AUTHOR: SHAO Tinghong [6730 8126 3163) 
ORG: Beijing Broadcasting Materials Plant 
TITLE: “Testing Circuit for Large Power Switch Transistor Switching Tine” 


SOURCE: Beijing DIANZI KEXUE JISHU (ELECTRONIC SCIENCE AND TRCHNOLOGY) in Chinese 
No 1, Jan 81 pp 22-23 


ABSTRACT: With the growing applications of large soale integrated cirouites and 
power semiconductor devices, switch power sources of small sise, light weight, high 
efficiency, low voltage, and large capacity have been studied and extensively used. 
The key device of the switch power source, the large power switch transistor, is 
already being manufactured by some domestic component plants. There remains no 
reasonable and practical method of testing the important special parameters of the 
switch transistor, however, including the conduction time T,,, the cut-off time Toret 
etc. In the process of studying the switch power source, the author and col- 
leagues designed a test circuit mde from components made in China to test these 
parameters. The test circuit was used to test the cut-off time of 20 products (all 
mde in China ?] to determine their switch times, The test results are listed in 

a table included in the paper. 


AUTHOR: ZENG Qingcheng (2582 1987 1004) 
ORG: Jiangxi University 
TITLE: “Electrolytic Water Oxidation Microscopy” 


SOURCE: Beijing DIANZI KEXUE JISHU | ELECTRONIC SCIENCE AND TECHNOLOGY) in Chinese 
No 1, Jan 81 pp 29-30, 20 


ABSTRACT: In the process of mnufacturing semiconductors, the quality of the de- 
vice is closely related to the quality of the core chip; therefore, it is neces- 
sary to strengthen the inspection, monitor, and control of the core chip. The 
currently commonly used methods include the chemical staining method using the 
CuSO,, solution or the HNO..-HF solution. These 2 methods are not satisfactory 

ei for detecting P-P’* or N-N’ foreign matter density distribution or for be- 
ing too toxic and dangerous. This paper introduces the theory and procedure of 


the electrolytic water oxidation microscopic method, Its 
pA. P many advantages are 
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AUTHORs WANG Shushang rire 2885 Wor) 
ZHANG Jingyan (1728 2529 36017 


ORG: None 
TITLE: “Front Cover Bxplanation" 


SOURCE: Beijing DIANZI KEXUE JISHU (ELECTRONIC SCIENCE AND TECHNOLOGY’) in Chinese 
No 1, Jan 81 p B 


ABSTRACT: The first color television assembly line introduced to China has been 
established in the State-operated Tianjin Radio Plant and the test operation has 
started. This assembly line is designed on the basis of the assembly line in 
Shengli Company | transliteration! of Japan with considerations of the conditions 
in China. It is designed to assemble either 14-inch or 22-inch color televion 
sets, with a production capacity of 500 seta per day. The front cover of this 
issue of the journal is a photo taken by the authors to depict the workers care- 
fully adjusting Bei jing-823 14inch color television sets on the assembly line. 


AUTHOR: WW Jiahe (7120 1376 0735, 
ORG: None 
TITLE: “laser Mode-Locking Technique and Ite Application” 


SOURCE: Beijing DIANZI KEXUE JISHU [ELECTRONIC SCIENCE AND TECHNOLOGY) in Chinese 
No 1, Jan 81 pp 39” 


ABSTRACT: In laser technology, mode-locking is a very important technique. The 
Bell Telephone Laboratories of the USA was the first to study the laser node- 
locking phenomenon and the first report was published in 1964, The study on the 
application of laser mode-locking did not begin until the middle 70°s, however. 
It was then that the researchers began to recognize the extreme significance of 
the high peak power within a super-short time produced by the laser through 
mode-locking. There are many reports of practical applications of laser mode- 
locking. The relatively more important ones are laser controlled thermonuclear 
fusion, precision long distance range finding, optical communication, laser holo- 
graphy, etc. The technique of mode-locking and actual applications of the tech- 
nique in Japan and the USA are introduced. 
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